based imaging to radiology, the true need for dual interpretation of perioperative imaging by spine surgeons and radiologists has yet to be investigated.
In the current paradigm, both spine surgeons and radiologists perform independent reads of spine images, including radiographs and CT scans. Spine surgeons are expected to be competent in interpreting the musculoskeletal aspect of patients' imaging; however, they generally rely on radiologists to detect extraskeletal findings. Thus, in a preoperative patient, the two specialists have complementary roles. However, in the intraoperative and postoperative periods-where imaging may have stable extraskeletal findings and be subject to long delays for interpretationthe role of dual interpretation remains unclear.
The purpose of the current study was to investigate, in the context of single-level thoracolumbar fractures, the costs and benefits associated with the dual interpretation of all perioperative imaging by both orthopedic surgeons and radiologists. The time to interpretation and extraskeletal findings by the radiologist were examined to determine whether the readings had an impact on patient care. The cost of the radiologist readings was also analyzed to determine the extent of possible cost reductions if dual reads were not performed, when appropriate.
Methods
We conducted a retrospective review of patients treated for acute traumatic single-level thoracolumbar fractures at the McGill University Health Centre (MUHC) between January 2003 and December 2010. Only patients who had received acute surgical management were included in the study. Patients who had fractures associated with hardware failure, as a result of an operative complication, or attributable to osteoporosis were excluded. Patients whose imaging had been ordered from an outside institution or lacked final interpretation by the radiologist by the end of the study period were also excluded. As an institutional protocol, all patients with spinal instrumentation undergo postoperative radiography before discharge. In the scenario of thoracolumbar fractures, postoperative CT scanning is done at the discretion of the surgical team to assess hardware position and decompression when necessary.
Patient demographics including age, sex, and level of vertebral fractures were recorded. Perioperative imagespreoperative and postoperative radiographs, intraoperative fluoroscopic images, and preoperative and postoperative CT scans-and their dictated radiology reports were retrieved using the MUHC InteleViewer picture archiving and communication system (PACS) software. The dictations were considered final when the attending radiologist had signed them electronically.
The time between the date of image capture and the date of final interpretation was recorded. For preoperative images, the time to interpretation was compared with the date of operation to help determine whether the interpretation was involved in patient management. Extraskeletal findings-defined as structural abnormalities to any solid or hollow organs or other region of interest confined to the thoracic or abdominal cavity-and incidental findings were retrieved from these reports. The cost associated with the radiologist interpretation of each image was obtained from the Registry of Health Insurance of Quebec (RAMQ), a universal single-payer government-administrated system. This study was approved by the Health and Research Ethics Board of the MUHC. The median value and interquartile range were reported, with ANOVA statistically significant at p < 0.05. Statistical analysis was performed using Microsoft Excel (Microsoft Corp.).
Results
Eighty-two patients met the criteria for study inclusion. The mean patient age was 39.9 years (range 18-81 years). Men made up 67% of the patients. Additional patient characteristics are listed in Table 1 .
Preoperative and Postoperative Radiographs and Intraoperative Fluoroscopy: Time to Interpretation
Two hundred seventy-six radiographs were obtained in the perioperative period. Forty patients (48.8%) had preoperative radiographs taken as part of their initial evaluation by the emergency department. Radiologists took a median of 1 day (IQR 0-5.5 days) to read and interpret the preoperative radiographs. The majority of the patients (83.4%) with preoperative radiographs had a final interpretation on the day of surgery.
Sixty-six surgically treated patients had intraoperative fluoroscopy images available. Radiologists took a median of 19 days (IQR 4-56.75 days) to interpret these images.
All surgically treated patients had postoperative radiographs taken. Radiologists took a median of 34 days (IQR 1-137.5 days) to interpret the postoperative radiographs. Approximately one-third of the postoperative radiographs (36.4%) were read within a week of being taken.
There was a significant difference in the median number of days it took the radiologist to read the preoperative and postoperative radiographs and intraoperative fluoroscopic images (p < 0.001; Fig. 1 ).
Preoperative and Postoperative CT Time to Interpretation
A total of 91 CTs were taken as part of the perioperative surgical care. Sixty-five patients (79.3%) had preoperative CTs taken as part of their initial evaluation. The median number of days that radiologists took to read and interpret the preoperative CT was less than 1 day (IQR 0-1 day).
All patients with preoperative CTs had a final radiologist interpretation on the day of surgery. A total of 23.2% of patients had postoperative CTs, which took a median of 1 day (IQR 0-1 day) to be interpreted by the radiologist. There was no significant difference in the median number of days it took the radiologists to read the preoperative and postoperative CTs (p > 0.05; Fig. 1 ).
Extraskeletal and/or Incidental Findings and Clinical Management
There were 35 extraskeletal and/or incidental findings identified by radiologists on all perioperative imaging.
These findings included solid organ lesions, pulmonary nodules, and paravertebral hematomas. There was a significant difference in the incidence of extraskeletal and/ or incidental findings on preoperative (8.1%), intraoperative (0.0%), and postoperative radiographs (0.0%; p < 0.01). There was also a significant difference in the incidence of extraskeletal and/or incidental findings on preoperative (46.2%) and postoperative (4.5%) CTs (p < 0.01; Fig. 2 ).
There were no findings in the radiologist reports on the intraoperative and postoperative imaging (including radiograph, fluoroscopic image, and CT) that provoked reintervention by the surgical team.
Cost
The total health care cost engendered by perioperative imaging interpretation was $8103.50 (all values expressed 
Discussion
Diagnostic imaging accounts for 10% of total health care costs, and the amount of imaging performed in North America is on the rise. 2, 4 Results of the present study suggest that while radiologists provide additional information to the diagnostic picture when interpreting preoperative radiographs as well as preoperative and postoperative CTs in the context of spine trauma management, their consultation for intraoperative fluoroscopic images and postoperative radiographs may not add additional information to the diagnostic picture and is associated with a high cost.
In the preoperative period, the radiologists provided timely interpretations of radiographs and reported a significant number of extraskeletal findings. Taken together, these observations indicate that the radiologists' interpretations were available for spine management and that their findings were beyond the scope of the spine surgeon's expertise. The latter point is especially important as previous studies have reported a high correlation between thoracolumbar fractures and other thoracic or abdominal injuries.
5,9
However, the value of having radiologists assess intraoperative fluoroscopy and postoperative radiographs is less clear. Their interpretations did not yield any additional extraskeletal findings and were subject to long delays after image capture. The previously established equivalence of radiologists and orthopedic surgeons in interpreting traumatic orthopedic fractures on radiography 3, 7 seems to indicate that having these images interpreted only by spine surgeons would not affect patient care. The finding that no intraoperative or postoperative imaging provoked reintervention supports this conclusion. A case example is provided in Fig. 3 . Previously published studies have indeed found that dual interpretation of radiographs in a similar setting-although not spine fractures-would not alter patient care. 1, 3 As regards CT, both preoperative and postoperative scans were read in a timely manner and both had extraskeletal findings. There were significantly more extraskeletal findings in the preoperative versus postoperative reads, probably because the field of scan was smaller. Firstly, this indicates that the preoperative read by the radiologist has utility. Secondly, although the radiologist noted fewer extraskeletal findings on postoperative CTs than on preoperative CTs, they still found some; given the potential implication of any incidental finding on imaging, the role of the radiologist cannot be underestimated in interpreting postoperative CT.
In interpreting the study results conservatively, it appears that the routine consultation of radiologists for interpreting intraoperative fluoroscopy and postoperative radiographs in single-level thoracolumbar fracture patients should be scrutinized given the lack of extraskeletal findings and the delay to interpretation. However, our results also reaffirm the utility of radiologists in interpreting preoperative radiographs and perioperative CT using the minimal criteria of extraskeletal and/or incidental findings and time to interpretation. Based on the RAMQ insurance system, the elimination of intraoperative fluoroscopic and postoperative radiographic reads by radiologists would represent a cost savings opportunity of 40% on overall reads in spine trauma patients, which in turn represents more than $39,000 per 1000 patients. For a medical community in which both patient outcomes and cost containment are crucial, this study provides insight into a specific area in which economies could be made.
Study Limitations
The study population size was modest. One could argue that the potential cost savings identified in our study ($39,000 per 1000 patients) by eliminating radiology interpretation of intraoperative fluoroscopy and postoperative radiographic imaging could be minimal in comparison with the medicolegal costs of a single missed diagnosis in 1000 patients. On the other hand, our study included consecutive single-level thoracolumbar fractures over an 8-year period in a trauma center, and we were not able to identify a single radiological interpretation of intraoperative fluoroscopic and postoperative radiographic images that impacted the management of these patients. We believe that the results of this study should encourage the performance of a larger multicenter study to investigate the need for mandatory radiology interpretation of postoperative spine imaging in this scenario.
In this study, we used the presence of extraskeletal findings and the time to interpretation as surrogates for the utility of radiologist interpretations; the next step would be to examine the impact of these interpretations on pa- tient outcomes. This would have particular impact in the context of a prospective trial. The patient records were not verified for interpretation of the imaging by the orthopedic surgeon; however, the fact that none of the intraoperative and postoperative radiographic findings by the radiologist provoked surgical reintervention (or had extraskeletal findings) indicates that patient management probably would not have changed based on radiologist interpretations of these images. This study was not designed to assess the appropriateness of ordering postoperative imaging in the setting of single-level thoracolumbar fractures. Generally, all patients who undergo spinal instrumentation at our institution undergo postoperative radiography. A CT scan is usually obtained in selected cases to assess canal decompression and hardware position. In this sense, savings would be even greater by eliminating unnecessary postoperative imaging. A larger prospective study is necessary to evaluate the appropriateness of routine postoperative images in this scenario.
Finally, this study is only representative of one center's experience in managing such patients. We defined the time for interpretation as the final sign-off by the attending radiology staff, not considering the time for preliminary dictations done by trainees. Thus, the delay to interpretation of the imaging studies represents the reality at our institution and may not reflect the experience at other centers. However, regardless of the time to interpretation, our results demonstrated that the dual interpretation of intraoperative fluoroscopy and postoperative radiography did not impact the management of patients with singlelevel thoracolumbar fractures.
Conclusions
The present study provides insight into the true need for routine consultation of radiology for the assessment of imaging in the perioperative period for the spine trauma patient. While radiologists reported a number of extraskeletal and/or incidental findings on preoperative radiography and pre-and postoperative CT in a timely fashion, their reads of intraoperative fluoroscopic images and postoperative radiographs added little additional information. Furthermore, these latter interpretations tended to be delayed and represented a large proportion of the image-interpretation costs. Thus, it appears that the routine consultation of radiology for the interpretation of intraoperative fluoroscopic images and postoperative radiographs represents an area of potential cost and professional service economy in patient management. Future studies should be   FIG. 3 . Images obtained in a 19-year-old male victim of a motor vehicle accident who had presented with no neurological deficits. Preoperative CT scans (A and B) were interpreted by the radiologist on the same day as patient admission and surgery and revealed "an unstable L1 burst fracture with a significant retropulsion." Intraoperative fluoroscopy images (C-E) were interpreted 11 days after surgery as "intraoperative images of spinal fusion." Postoperative radiographs (F and G) were interpreted by the radiologist 12 days after surgery as "postoperative control of T12 to L2 posterior spinal fixation." As for the surgeon's interpretation, the fluoroscopic images revealed good reduction of the fracture and adequate hardware position. The postoperative radiographs demonstrated normal thoracolumbar alignment.
directed toward the clinical outcomes of patients who do not have routine radiological consultation for their image interpretation.
